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Thickened junctional zoneAbstract Aim of the work was to revise the literature to define the most appropriate signs for diag-
nosis of uterine adenomyosis using transvaginal ultrasound (TVUS) and MRI and what of those
signs are more specific/sensitive for the diagnosis of such common condition in actual practice
and in our community.
Patients and methods: A retrospective study.
Within three year period 60 women were referred to the radiology department; among which 45
cases were clinically diagnosed uterine adenomyosis. The diagnosis was established by hysterectomy
in 5 cases, hysteroscopy in 30 cases and clinic-radiological consensus in 10 cases.
Results: In 9 out of 45 cases the adenomyosis was focal while in the rest of cases it was diffuse.
We can conclude from the tables that regarding ultrasound, heterogeneous myometrium and ill
definition of endometrial–myometrial interface are statistically significant good indicator for the
diagnosis of adenomyosis.
Considering MRI, widened junctional zone and heterogeneous myometrium are statistically signif-
icant better indicators of adenomyosis.
Conclusions: MRI is superior to sonography in the diagnosis of uterine adenomyosis though we
still recommend to start with the latter owing to its availability.
 2015 The Egyptian Society of Radiology and NuclearMedicine. Production and hosting by Elsevier B.V.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-
nd/4.0/).1. Introduction
Adenomyosis involves the presence of nests of ectopic non-
neoplastic, endometrial glands, and stroma within the
myometrium surrounded by a hypertrophic and hyperplastic
myometrium (1).
Table 1 The parameters of MRI sequences used in our study.
T1 T2 STIR Inphase–out-of-
phase
FOV 280 mm 280 280 180
Slices 13 13 13 19
Averages 4 3 2 3
TR (average) 530 ms 2400 ms 3450 55
TE (average) 10 95 54 3–5
TA (average) 3:45 min 4:14 4:04 95 s
1350 A. HamimiAdenomyosis was first described by Rokitansky in 1860
and its endometriotic origin was highlighted by Thomas Ste-
phen Cullen in 1921 (2).
Adenomyosis is a common condition characterized by the
presence of ectopic endometrial tissuewithin themyometrium (3).
It may be silent but it may cause atypical pain and chronic
bleeding unresponsive to hormonal therapy or uterine evacua-
tion (1,4).
The diagnosis of adenomyosis has been established only by
surgical exploration. However, with advent of high resolution
transvaginal sonography and magnetic resonance (MR) imag-
ing, these techniques become the widely acceptable methods of
diagnosis of adenomyosis in most instances (5–9).
Although it is considered a common condition, yet the
diagnosis is not born in the minds of many radiologists, signs
are dependent on the operator/reporter experience and it cross
links with similar condition; mainly the endometriosis.
Aim of the work was to revise the literature to define the
most appropriate signs for diagnosis of uterine adenomyosis
using transvaginal ultrasound (TVUS) and MRI and what of
those signs are more specific/sensitive for the diagnosis of such
common condition in actual practice and in our community.
2. Patients and methods
A retrospective study was conducted. Within three year period
between July 2011 and June 2014, 60 women were referred to
the radiology department for MRI evaluation after suspicious
sonographic and/or clinical findings of adenomyosis. Among
those 60, 45 cases were clinically diagnosed uterine adeno-
myosis. The diagnosis was established by hysterectomy in 5
cases, hysteroscopy in 30 cases and clinic-radiological consen-
sus in 10 cases.
Inclusion criteria: Female patients with abnormal uterine
bleeding in the fertile period.
Exclusion criteria: Recent abortion, known pregnancy,
known malignant gynecological disease, or under hormonal
therapy.
The transvaginal ultrasound:
Patient was examined first with full urinary bladder for the
pelvis using 3.5 MHz curvilinear probe. We used Phillips
AU22 US machine (Koninklijke Philips – Amsterdam, the
Netherlands). Patient then was instructed to empty the blad-
der. A condom covered transvaginal 7.5 probe was then intro-
duced per vagina. The uterus and ovaries were examined in all
possible planes. Images were saved and sent to the picture
archiving computer system (PACS).
MRI examination of the pelvis:
Preparation: None; however the patient is advised not to
have a full bladder prior to examination.
All MRI examinations were performed by Avanto 1.5 MRI
Siemens (Germany). The MRI protocol is as follows:
Patient supine. Foot first. Body coil is used as transmitting
and receiver coil. Sequences: sagittal and axial T1, T2 and
STIR and coronal T2 spin echo and STIR sequences. Also
in-phase and out-of-phase (Chemical shift sequence) in axial
plane. T1 weighting with fat saturation used in axial plane pre-
contrast (see Table 1).
A total of 20 ml of gadolinium based contrast (Gadoterate
meglumine: Dotarem) was injected intravenously and T1
fat sat post-IV contrast administration within 25 s after IVcontrast administration and after 3 min. Coronal postcontrast
sequences after 3 min are also used.
Images were transferred to PACS and interpreted using
AGFA – Belgium PACS workstation.
Hysteroscopy was done in 30 cases. The patients were
under conscious sedation, lying supine in lithotomy position.
Mini-hysteroscopes were used for uterine cavity exploration
(Karl Storz, Germany). Endometrial/myometrial multiple
biopsies were taken in all 30 cases and delivered to the pathol-
ogy department.
Laparoscopic hysterectomy without salpingo-
oophorectomy was done in 5 cases under general anesthesia.
No immediate complication was observed.
Clinical, laparoscopic and hysteroscopic data were
extracted from the hospital information system.
Ethics and research committee approval were obtained
prior to research beginning.
Informed consents for the radiology and surgical proce-
dures were obtained in accordance with institution policies
and procedures and were revised by the researcher.
IBM SPSS statistics (V. 21.0, IBM Corp., USA, 2012) and
GraphPad Prism 6 for Windows version 6.03 (GraphPad
Software, San Diego, CA, USA) were used for data analysis.
P value less than or equal to 0.05 is considered statistically
significant.
3. Results
During 3 year period, 45 patients clinically diagnosed with
uterine adenomyosis were subjected to TVUS and MRI. Their
radiological tests were reviewed (see Figs. 1a–1d).
All patients were premenopause; 35 of them were multi-
parous and 10 nulliparous. The patients’ age varied between
25 and 51 years with average age of 34 ± 2.13 years.
The major symptoms were related to dysfunctional uterine
bleeding in all patients. Pain was not a constant symptom
whether regarding its type or severity.
Associated findings were fibroid (different size and location;
yet usually small; less than 3 cm in diameter) in 15 cases and
ovarian cyst (varied between 2 and 5 cm) in 9 cases; 6 of them
were hemorrhagic.
Uterine size was usually enlarged; in 42 cases; 93% (largest
cephalocaudal dimension > 10 cm, transverse diameter > 8
and anteroposterior diameter > 4 cm) (see Figs. 2a and 2b).
The major US signs used were:
 Heterogeneous myometrium
 Ill definition of endometrial–myometrial interface.
 Intra-myometrial cysts (Subcentimeter – multiple).
Figure 1a TVUS of the uterus in sagittal plane of a case of focal
uterine adenomyosis showing focal heterogeneity with small cysts
(arrow marking heterogeneity and small cyst).
Figure 1c Coronal STIR MRI of the same patient with focal
uterine adenomyosis showing focal junctional zone thickening of
the posterior wall.
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MRI signs used were:
 Intramyometrial cyst(s).
 Heterogeneous myometrium usually heterogeneously
hyperintense.
 Widened junctional zone (P12 mm).
In 9 out of 45 cases the adenomyosis was focal while in the
rest of cases, it was diffuse.
Please refer to Tables 2 and 3 for the prevalence of both US
and MRI findings.
There were no cases with single large myometrial cyst.Figure 1b Sagittal STIR MRI of the uterus of the same patient
with focal uterine adenomyosis showing focal thickening of the
junctional zone along the posterior wall (arrow), heterogeneity of
the myometrium and small cervical cysts.Postcontrast series also helps for assessing other lesions
particularly fibroids and extra-uterine findings.
Please refer to Tables 4 and 5 for statistical data of each US
and MRI finding.
We can conclude from the tables that regarding ultrasound,
heterogeneous myometrium and ill definition of endometrial–
myometrial interface are statistically significant good indicator
for the diagnosis of adenomyosis. Heterogeneous myometrium
is more prevalent and consistent indicator for the diagnosis of
adenomyosis by ultrasound. Though enlarged uterus is almost
invariably present in cases of adenomyosis (93%), yet it is
totally non-specific and is also present in multiparous females
(see Figs. 3 and 4).
Considering MRI, widened junctional zone and heteroge-
neous myometrium are statistically significant better indicators
of adenomyosis. Thickened junctional zone is more prevalent
and consistent tool for diagnosis of adenomyosis by MRI.
MRI is better than ultrasound in the diagnosis of adeno-
myosis considering the overall number of cases, false positive
and false negatives and overall accuracy.
4. Discussion
Adenomyosis is a common condition (10) and is commonly
present with dysmenorrhea (11).
Adenomyosis has been noted to occur in about 30% of gen-
eral populations and in about 70% of hysterectomy specimen
depending on the definition of the entity. The diagnosis can be
made with sonography or magnetic resonance imaging (12).
The diagnosis of adenomyosis is made on a pathologic
specimen, obtained after hysterectomy. The pathologic diag-
nosis is dependent on the visualization of endometrial glands
and stroma in more than 1 low-powered field (2.5 mm) from
the endometrial basalis layer (13).
Figure 1d Axial T1 noncontrast MRI of a case of focal uterine
adenomyosis showing associated small hemorrhagic right ovarian
cyst.
Figure 2a TVUS of the uterus in sagittal plane of a case of focal
uterine adenomyosis showing focal heterogeneity (arrows) along
the anterior wall with small cysts like structures.
Figure 2b Coronal T2 MRI of the same case showing focal
junctional zone thickening of the anterior wall of an AVF uterus.
Table 2 List of US findings and their prevalence.
Number of
cases
Percentage
Heterogeneous myometrium 35 78.0
Ill definition of endometrial–
myometrial interface
30 67.0
Intra-myometrial cysts
(subcentimeter – multiple)
15 33.0
Large (larger than 1 cm)
intra-myometrial cyst
0 0.0
1352 A. HamimiWe exclude patients under hormonal therapy as many
authors suggest that breast cancer, endometrial cancer,
endometriosis, adenomyosis and leiomyomas are diseases that
develop in an estrogen dependent fashion in susceptible
females (14–17).
MRI has been used as a diagnostic tool for diagnosis of
female pelvic abnormalities since 80s of the last century
(18,19).
Sakhel and Abuhamad mentioned sonographic signs of
adenomyosis as uterine enlargement, cystic anechoic spaces,
uterine wall thickening, subendometrial echogenic linear stria-
tions, heterogeneous echotexture, obscure endometrial/
myometrial border and thickening of transitional zone (12).We do not agree about depending on junctional zone
assessment by ultrasound as it is usually heterogeneous, very
subjective and liable to changes during menstrual cycle.
The reported sensitivity and specificity of TVUS for diag-
nosing adenomyosis are 53–89% and 67–98%, respectively
(4–6). Reinhold stated that when the previously described
endovaginal US criteria for diagnosing adenomyosis are used,
the sensitivity of endovaginal US has been reported to be 80–
86%, the specificity 50–96%, and the overall accuracy 68–86%
(20).
We discuss rather single findings retrospectively rather than
overall US findings as a whole although we are having nearly
similar overall results.
In our study heterogeneity is the most sensitive (88%) and
small intramyometrial cyst(s) is the most specific (88%) US
finding (Table 5).
We agree with Kepkep that cystic spaces within the myome-
trium are the most specific findings (88% in our study) (21).
Novellas stated that the MRI signs for diagnosis of adeno-
myosis fall between direct signs which are the visualization of
microcysts or cystic adenomyoma and indirect signs consisting
Table 3 List of MRI findings and their prevalence.
Number
of cases
Percentage
Intramyometrial cyst(s) 20 44.0
Heterogeneous myometrium usually
heterogeneously hyperintense
38 84.0
Widened junctional zone (P12 mm) 42 93.0
Table 4 The US and MRI findings distribution of positives
and negatives.
Sign TP FP TN FN
US findings
Heterogeneous myometrium 35 5 15 5
Ill definition of endometrial–myometrial
interface
30 7 15 8
Intra-myometrial cysts (subcentimeter –
multiple)
15 2 15 28
MRI findings
Intramyometrial cyst(s) 20 5 15 20
Heterogeneous myometrium usually
heterogeneously hyperintense
38 5 15 2
Widened junctional zone (P12 mm) 42 1 15 2
Figure 3 Sagittal STIR MRI of the uterus of a case of diffuse
uterine adenomyosis showing thickening of the junctional zone,
small posterior wall fibroid and small cervical cysts.
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mal junctional zone/myometrial ratio (22).
Novellas concentrated upon the junctional zone as a major
diagnostic criterion. We agree with that. Thickened junctional
zone is the most sensitive (95%), specific (94%) and accurate
(95%) radiological sign to diagnose adenomyosis. However,
it is to be noted that there is a great deal of variation based
on age and menstrual history together with possibility of
evolving neoplastic process on top of or aside the benign ade-
nomyosis. These variations were highlighted by many authors
(22–24).
Several studies have demonstrated MR imaging to be
highly accurate in the diagnosis of adenomyosis, with a sensi-
tivity and specificity of 86–100% and an overall accuracy of
85–90.5% (7,20,25,26). Authors also pointed to the MR capa-
bilities in monitoring the effects of hormonal therapy in cases
of adenomyosis (27).
Despite the superiority of MRI we back Sakhel and Abuha-
mad in recommending that US should be the first imagingTable 5 Statistical data of different used radiological signs.
Sensitivity
US findings
Heterogeneous myometrium 88
Ill definition of endometrial–myometrial interface 79
Intra-myometrial cysts 35
P value 0.001*
MRI findings
Intramyometrial cyst(s) 50
Heterogeneous myometrium 95
Widened junctional zone (P12 mm) 95
P value 0.001*
* Significant P< 0.05.study in the sitting for diagnosis of adenomyosis owing to its
availability, efficacy and cost. We should make use of the
greater number of US examinations for the diagnosis or a
rather common abnormality such as adenomyosis (12,28).
Classically; almost all women would have an US examination
of the pelvis at least once in their lives. The diagnosis of ade-
nomyosis should be borne in mind in the sonographer/radiol-
ogist mind to get advantage of such enormous number of US
examination in the diagnosis of adenomyosis.
We did not use susceptibility weighted imaging although
many authors may highlight its role to detect bleeding foci
(23,24). The diffusion weighted imaging is very useful in differ-
entiation between malignant and benign lesions. It was not
useful in our study because we did not encounter any neoplas-
tic lesion among adenomyosis cases. The same applies for post-
contrast series.
Points of strength of this study are that it refreshes the
information that radiologists should bear in mind for the diag-
nosis or surprisingly common finding such as adenomyosis. It
depends upon many biopsy proven cases. It uses high end
machines data both in US and MRI.Specificity PPV NPV Accuracy
75 88 75 83
68 81 65 75
88 88 35 50
0.031* 0.254 0.001* 0.036
80 80 43 58
75 88 88 88
94 98 88 95
0.098 0.107 0.002* 0.003*
Figure 4 Sagittal T2 MRI of the uterus of a case of diffuse
uterine adenomyosis showing marked thickening of the junctional
zone.
1354 A. HamimiWeaknesses are that it is a retrospective study. Some of the
cases were depending on clinical/radiological consensus rather
than biopsy. Still the larger volume data may be needed.
5. Conclusions
MRI is superior to sonography in the diagnosis of uterine ade-
nomyosis though we still recommend starting with the latter
owing to its availability and efficacy. In ultrasound, heteroge-
neous myometrium and ill-defined endometrial/myometrial
interface should raise the suspicion of adenomyosis provided
that the patient is not under the influence of abnormal hor-
monal influence (Accuracy of 83% and 75% respectively).
Thickened junctional zone is by far the most sensitive (95%),
specific (94%) and accurate (95%) sign to diagnose adeno-
myosis in MRI.
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